In current scenario, the demand in wireless communication increases rapidly. As the growth of the technology increases, in the same way the antenna research requires in high rate. Mostly the patch antenna creates the focus of the researchers. Multiband but single feed microstrip antenna has been proposed in this work. It is of Z-shape with I-slot antenna that operates at 3.5 GHz and 4.3 GHz which can be used for Wi-Max/S-band &C-band satellite applications. As the radiating edges of the antenna are cut by the slot, the multiple frequency response is generated. In this Z-shape antenna I-slot has been created on the radiating edge for which dual frequency response is achieved. The return losses at 3.5 GHz and 4.3 GHz are -18.88 dB and -16.42 dB respectively. Its bandwidth is of 140.7 MHz (lower band) to 131.5 MHz (upper band). A pair of slits has been inserted in the radiating edge to form Z-shape patch antenna and improved the performance. The proposed antenna designed in this paper exhibits enhanced bandwidth with multi resonant frequency. In this work, a geometric Z-shape is developed from a rectangular patch of width (W = 38.04 mm) and length (L = 29.44 mm). The antenna is designed using FR4-epoxy substrate with a dielectric constant ( of 4.4 and a thickness of 1.6 mm respectively. The result of proposed antenna is obtained in terms of return loss and bandwidth. Its radiation patterns are also studied. The simulated result shows that the Z-shape patch antenna with I-slot has the highest bandwidth in comparison with patch and Z-shape.
Introduction 
Microstrip antenna is more attracted because of its size, weight, profile is in small order as well as easier to fabricate. Microstrip antennas have attracted more interest in satellite and wireless mobile communication [1, 2] . Broadband applications have been achieved by changing the shape and creating the slots in the design of the antenna. Requirements of the multi frequency band in wireless communication enrich its research. If a single small device can work in various frequency bands it helps to reduce the size, weight and circuitry [3, 4] . This boosts the researchers to work in this area. Similarly the feed of the antenna is an important aspect. In many ways it can be fed to the antenna. Also for best performance the position of the feed can be changed and verified by the researchers [5] . It is broadly categorized as contact Corresponding author: Swarnaprava Sahoo, M. Tech, research fields: antenna design and signal processing. and non-contact type of feeds. Microstrip patch antennas are increasingly finding their applications in a broad range of microwave systems from radars, telemetry, navigation, biomedical systems, mobile and satellite communications, GPS (global positioning system) for remote sensing and etc. In case of contact based power is fed directly to the radiating patch, whereas in the non-contact case electromagnetic field requires coupling to transfer the RF power. Out of four popular contact based feed, we have considered the microstrip line feed, since non-contact based feed is somewhat complex.
In this paper, design of single feed dual band Z-shape microstrip antenna with I-slot operated at 3.5 GHz and 4.3 GHz for Wi-Max/S-band&C-band satellite application is presented. It has been verified that by cutting the slots into radiating edges of microstrip patch antenna, a dual frequency response is achieved. The performance is improved by inserting a pair of slits in an appropriate radiating edge to form D DAVID PUBLISHING Design of Z-Shape Microstrip Antenna with I-slot for Wi-Max/Satellite Application 262 Z-shape patch antenna. The proposed antenna designed exhibits enhanced bandwidth with multi resonant frequency. In this work, a geometric Z-shape is developed from a rectangular patch. The antenna is designed using FR4-epoxy substrate with a dielectric constant ( of 4.4 and a thickness of 1.6 mm respectively. The simulated result shows that the Z-shape patch antenna with I-slot has the highest bandwidth in comparison with patch and Z-shape.
The paper is organized as follows: Section 1 introduces the work; Section 2 explains the antenna design; the results are exhibited in section 3 and finally, section 4 concludes the work.
Antenna Design

Design Methodology
Microstrip patch antennas consist of a very thin metallic strip (patch) placed on a ground plane where the thickness of the metallic strip is restricted by t << and the height is restricted by 0.0003 ≤ h ≤ where is the free space wavelength. The microstrip patch is designed so that its radiation pattern maximum is normal to the patch. For a rectangular patch, the length L of the element is usually
. The dimension has major impact on operating frequency [6] [7] .
Antenna Design Procedure
The bandwidth of an antenna is mainly determined by the thickness, the nature of the dielectric substrate and the geometry of the antenna. To expose the bandwidth matter in simple planar structures and to give a benchmark in terms of space and bandwidth, a rectangular patch has first been sized. The dimensions of the antenna can be deduced from analytical expressions [2, 3] . Increasing the width of this antenna is one of factors controlling its bandwidth. Nevertheless, it is very difficult to obtain a satisfactory result with a simple shape microstrip patch antenna. That is why we propose Z-shape geometry in order to widen the bandwidth of the antenna while retaining reasonable dimensions. This geometry changes the distribution of surface current density generating multiple resonances [8] [9] [10] [11] .
The goal of designing a microstrip antenna at 3.5 Table 1 shows the specifications for the proposed microstrip patch antenna.
Design of Z-Shaped Microstrip Patch Antenna
The most important design features of the patch are its width (W), length (L), width of transmission line and the length of the feeding line. The patch is fed by a 50 Ω inset feed. The geometry and configuration of Z-shaped microstrip patch antenna is shown in Fig. 1 and Fig. 2 . Table 2 shows the parameters for the proposed Z-shape microstrip patch antenna.
Experimental Results
The proposed antenna is to be used for the Wi-Max/Satellite application. The entire simulation is The antenna resonates at two bands of frequency at 3.35 GHz and 4.25 GHz. Fig. 3 shows two resonant frequencies. These frequencies are related to the dimension (L 1 , L 2 and L 6 , L 7 ). These dimensions are linked by the fact that the single excitation point must have matched impedance (50 Ω) with the two resonant frequencies. Bringing closer these two resonant frequency is possible when we inset an I-shape slot in the middle of the Z-shape as seen in Fig. 4 . The configuration of Z-shaped microstrip patch antenna with I-slot is shown in Fig. 5 . Table 3 shows the specifications for the proposed Z-shape microstrip patch antenna with I-slot. The radiation pattern obtained at both frequency by simulation is given in Figs. 7-10 .
The two resonances inside the bandwidth are related to the different lengths of the Z-shape (L 1 , L 2 and L 6 , L 7 ). Indeed, they should have been separate but they have close due to the inclusion of I-shape slot. We then obtain a wider bandwidth around 140.7 MHz. The proposed antenna has the advantage to achieve wide bandwidth without enlarging the size of the patch by simply adding an I-slot inside the Z-shape antenna.
Conclusion
The Z-shape patch antenna is proposed for multi frequency operations. The antenna shall be suitable for Wi-Max/ S-band&C-band satellite application. The Z-shape microstrip patch antenna at 3.35 GHz and 4.25 GHz for WLAN/S-band&C-band satellite application was designed. The proposed Z-shape patch antenna with I-slot performs better than the conventional patch antenna which is approximately 3.53% of bandwidth efficiency in terms of resonant frequency.
